The advance of networking and computing technologies offers unprecedented opportunities for the implementation of principles and practices of Open Science. Yet its uptake entails factors beyond merely technological circumstances. Substantial conditions relate to stakeholder attitudes and institutional arrangements. Based upon an esurvey and a workshop involving a wide range of important stakeholders, this chapter makes an early contribution to understanding the significant factors enabling or hindering the uptake of open science practice, in the immediate research areas involving research professionals and research organisations. We found that key drivers to the uptake of open science practices include the usefulness of publicly available research outcomes in developing personal lines of research; nonetheless, the propensity of research professionals to openly share their contributions is not high. Operational barriers such as difficulties in assessing the quality and rigour of research contributions, lack of skills and/or time to contribute to the open science movement are slowing the uptake of open science. More importantly still, there are institutional barriers linked to systemic issues such as the inadequacy of the current funding schemes. In particular, we found that institutional inertia plays a significant role in inhibiting the further opening up of the scientific process. This exploration has opened very promising insights for a roadmap for further research.
Introduction
The institutional arrangements and the organisation of undertaking scientific research that have developed since the Renaissance have changed little throughout the 20th Century. In the 21 st Century, the diffusion of Information and Communication Technologies (ICT) and new web-based tools have created a range of new possibilities for conducting knowledge creation activities by exploiting the large investments in cyber infrastructure and the networking capabilities of rich web technologies. New technologies and investments in ICTs have supported a variety of new collaborative initiatives in conducting science, these initiatives are typically described by the term Science 2.0 whereby the organisation of science is moving towards a more open process, termed appropriately Open Science 1 . Whilst we recognise that this is still an evolving domain, a great deal of research has been conducted on the various aspects of open science (David, 2004; Priem et al., 2010; Nielsen, 2011; Bartling and Friesike, 2014 amongst others) . In trying to define this phenomenon we observe that open science is not only an uptake of Web 2.0 technologies nor only the adoption of strategic behaviours typical of the Web 2.0 revolution into scientific practices. It is also the attitudes of research performers and their organisations towards the technological infrastructure upon which these new approaches to undertaking science are based and the resultant expanding networked organisations that arise from the greater connectivity of scientists.
In this essay we define Open Science as a 'movement' that involves scientists, research organisations, funding bodies, businesses and the general public in the domain of science affecting the way scientific work is carried out and characterised by wide collaborative effort at each stage of the research process. Open science implies an overall focus on openness in science, be it to publications or research data; new methods of publication of scientific findings or processes, the growing readership of scientists' blogs and the growing number of citizen scientists taking part in scientific research projects (Peters, 2010 and Peters & Robert, 2011; Bartling and Friesike, 2014) .
The trends that are emerging from this evolutionary process point towards the increasing reliance on large databases and increased computational power, the organisation of scientific practices being increasingly bundled within collaborative teams who are operating on technological platforms and research findings that are communicated in itinere, via means which are much faster and accessible than the traditional publication channels. Indicators of this trend are many and diverse; three notable interrelating macro trends in science are:
-a new way of doing science: data-intensive science enabled by the availability of large-scale datasets, processed through simulation software and enabled by high performance computing; -an explosion of science/research output, including not only open science/access to scientific data but also replicability of scientific discovery, which implies access to methods, tools, data, and articles, and also new ways of conducting scientific collaborations and -a diversification and increase in the number of actors producing scientific deliverables. These include, amongst others, citizens scientists (Burgelman et al., 2010) .
The objective of this essay is to investigate the existing institutional arrangements and the adoption of new methods, highlighting conflicting interests of stakeholders that may hinder the cultural changes necessary for embracing the principles and the practices of open science. In particular, this paper explores our thoughts on addressing and analysing drivers and barriers to the adoption of open science with a focus on the roles of the research performing stakeholders in the scientific process. We focus our attention on the research performing side comprising researchers, managers, support staff and other professionals including research organisation leaders, research practitioners and communicators and the institutions within which they operate. Our aim is also to reflect on the policy implications deriving from the emergence of open science and its adoption within the existing organisational settings.
Whilst it has to be understood that this study should be considered exploratory rather than conclusive, from our analysis we can certainly infer that institutional inertia plays a significant role in inhibiting the further opening up of the scientific process. Undeniably, there are constraining factors linked to the quality of research, as fully open science features may impair appropriate evaluation or assessment of research findings but research funding methods and the absence of alternative reputation systems for scientists and scientists' performance do constitute a major barrier to open science. Research output assessment practices, adaptive research funding methods, discipline dependent practices and alternative reputation systems are certainly worth deliberation as the tools and methods of open science and its approach have proven extremely useful for conducting research at a faster pace, with results that manifest greater effect and impact.
The chapter develops along the following lines. In section 1) the idea that progressing open science as a facilitator of superior and more effective research is explored from the relevant academic literature. In section 2) we describe the methodological approach adopted in carrying out this research. In section 3) we highlight the results obtained from analysing the data collected through the e-survey and in section 4) we provide the discussion of the findings, some limitations of the current research and the conclusions highlighting promising research areas.
Some reflections from the literature
Open science is the result of a long term evolutionary process in conducting science, in recent years it has found a new and greater emphasis due to the introduction of networking information and communication technologies including pervasive Web 2.0 technologies and newer rich web technologies (known as Web 3.0 or semantic Web). This renewed emphasis can be attributed to the scientific community and policy makers identifying the megatrends described above and consequently raising questions upon the current status and potential evolutionary paths that the organisation of science might take in the future. This, albeit reductive, justification of the interests in the state of the organisation of science is easily explained by the enormous commitments that governments, public and private organisations have in terms of their remit to pursue social and economic progress, current outlays in scientific endeavours and their economic and social outcomes. In other words, the vested interests of the modern patrons of science -be they public or private -and of the scientific community, is to understand whether, and to what extent the ways of conducting science can be honed to 'bear more fruit'. This logic is now particularly cogent given the tightening of the public and private budgets for science and research.
A synthesis of the theoretical underpinning of the arguments for open science is certainly not in the remit of this paper, however in this brief review is perhaps necessary to remind the reader that pioneer work on the nature and practices of science are still the yardstick for what we now understand as science and scientific practices.
The discussion on open science has a long standing tradition that is still shaping the current debate. Its theoretical basis can be found in the works of Merton (1942) , Popper (1935 , English ed., 1959 and Polanyi (1962) 2 .
Science does not only involve the stock of knowledge, but also the methods established to create and verify new knowledge. It involves the social and cultural values governing the production and dissemination of knowledge. Within this definition of science, develops the institutional `imperatives' that characterise modern science. Polanyi (1962) lays out 'ground rules' or professional standards involving scientists' motivations to contribute to the corpus of knowledge. Popper (1935) offers a justification of the current peer review system.
Modern investigations in the 'modes of science' do not invalidate the principles set out inter alia by Popper, Merton and Polanyi. The following contributions highlight organisational changes in the traditional process of undertaking science and novel forms of organisation of knowledge production that are emerging. Compared to traditional science, which is confined within the remit of the academe and organised in a hierarchical fashion, compartmentalised in homogeneous disciplines, Gibbons et al. (1994) and Nowotny at al. (2001) introduce and discuss the new production of knowledge as characterised by application-centred investigation, transdisciplinarity, heterogeneity and organisational diversity, social accountability and reflexivity (Mode 2 of knowledge production). More recently, Carayannis and Campbell (2006) and Wagner (2008) describing perhaps a Mode 3 of knowledge production, highlight how scientific endeavours are increasingly characterised by multilevel and networked clusters of knowledge production.
Core to the scientific process, from the more traditional form of organisation to the modern networked science is the dyad 'creation' and 'dissemination' of knowledge; the first driven by curiosity, ingenuity and ethics, the second validated by sceptical peers and diffused by the available means of communication.
The process is undertaken under the aegis of a patron. Eamon (1985) and David (2004 and 2005) argue that public knowledge or open science derives from the Scientific Revolution where, departing from the dominant regime of secrecy in the pursuit of Nature's secrets, scientists recognised the invaluable contribution to science that a collaborative approach might allow. Notwithstanding the complementarities and idiosyncrasies that confidentiality and openness present in relation to the dissemination of science, the principle of priority of attribution constitutes a strong incentive to disclosure and as a consequence, accumulation of knowledge increases at a faster rate and more organically than if it were undertaken in secrecy 3 (David, 2004) .
Given the support of the State to the promotion of science, opening the scientific process became an aspirational target which experienced different fortune throughout the years. Recently, however, it has found renewed vigour especially since successful examples of some open science initiatives ensuing on the diffusion of networking technologies. Fecher and Friesike (2014) present a concise synthesis of the current debate on open science; they identify five streams, or schools of thought, informing the contemporary discourse. The authors term these 1) `public school' concerned with the public engagement and understanding of knowledge; 2) the `democratic school' which is mainly concerned with public access to knowledge; 3) the `pragmatic school' which stresses the importance of collaborative research for an efficient use of resources; 4) the `measurement school' which is concerned with the assessment of the `quality` of the research output and looks at alternative metrics for the evaluation of scientific contributions and personal contribution to sciences; and finally 5) the `infrastructure school' which is mostly concerned with the technological aspects of open science and the role of new information and communication technologies in fostering open science.
As Fecher and Friesike (2014) point out, the discourse on open science is rather complex as it develops along many intertwined domains, entailing many different stakeholders interacting at different levels. We can argue that science is a systemic occurrence and that it directly involves a variety of stakeholders with interests and stakes in the process which are rarely aligned. Wilkins (2008) Waldrop (2008) Crowd-source science Science based on crowd sourcing which facilitates research in a more effective (including cost-effective) and collaborative manner.
Franzoni and Sauermann, H. (2014) The first steps towards opening up the outcomes of the scientific process have entailed the dissemination of publications through open access to publications and diffusion of the data from which such research originates. Open access to publication, as we shall see below, has been at the centre of a lively debate since the mid-1990s whilst the first inroads in open data were made at the beginning of the current century. The argument at the basis of the open access to publications debate originates from the observation that the public is actually paying twice for the production of knowledge, once in the form of public research funding and a second time to access the knowledge that has been produced. The possibilities offered by electronic networks can provide a way out of this impasse and extend the reach and accessibility of scientific publications. Opening up the peer review process would also guarantee the scientific rigour of ePublications (Harnad 1994) . This system could make the publishing industry in the field of scholarly publications practically redundant 5 . Okerson and O'Donnell, J. J. (1995) argued that whilst these new ideas are enticing, their slow uptake is due to the fact that the academic community is basically satisfied with the status quo of the scientific publishing process. In other words, academics are comfortable in operating within the limitations of the traditional process, even if it might defer or stop altogether the publication of their own research. The incentive system in place is such that the alternative publishing of ePublications, not at all favoured by promotion and tenure committees, altogether discourage this form of publication. The reaction to the perceived bias associated with the evaluation of research through metrics such as journal standings (measured by the journal impact factor) and research standing (measured by the number of citations) has spurred the debate on alternative reputation systems -at the time of writing one such example is Altmetric (altmetric.com). Buschman and Michalek (2013) explore the drawback of traditional evaluation metrics and propose a taxonomy based on 1) Usage of the article (downloads, views etc); 2) Capture (bookmarks, favourites readers etc.); 3) mentions (in blog posts in the news in comments and reviews; 4) social media (tweets, likes, ratings and shares); and 5) Citations (citation counts in indexing sites). These metrics, the authors argue, reflect more accurately the impact of research in an era of increased competition for research funding and tenure.
The importance of open access to scientific publications particularly around issues of dissemination and research impact has not gone unnoticed. The earlier work of Antelman (2004) , McVeigh (2004) , and Harnad & Brody (2004) , investigated the research impact of open access publications. Antelman (2004) found that in a sample of some 2,000 articles in four disciplines with different rates of open access adoption -mathematics, electrical and electronic engineering, political science, and philosophy -open access publications had a greater research impact than traditional articles in terms of citations. McVeigh (2004) , in a study for the publisher Thompson, assessed the impact factor and citation patterns of open access journals included in the ISI Citation Database. The study found that the open access journals were poorly represented in the ISI Databases and their impact factor was relatively low compared with that of traditional subscription journals, even though a handful of open access journals were classed in the top 10% in their category. Open access journals fared rather better in terms of Immediacy Index, suggesting that open access publications were accessed and cited more rapidly than papers in traditional subscription journals. Harnad and Brody (2004) Access to data has recently been at the centre of attention. Data sharing is extremely important in science as replicability of studies, validation of results and extension of research can be enabled only through the re-use of data upon which original publications are based (Gorgolewki et al. 2013) . It is also undeniable that open data is the first step towards data aggregation and big data analysis, a promising research strategy opening up possibilities of largescale studies and sample-bias corrections (Choudhury et al. 2014) . Data sharing also acts as a deterrent to fraud, encouraging the publication of high-quality research. In other words, data sharing plays a dual role in advancing knowledge creation and establishing best practices against fraudulent behaviours, however, raw data is of little or no value for researchers other than those who have collected them. This hardly justifies any form of protection. Nonetheless, when time and effort to systematise and appropriately document the information with the relevant metadata, their value becomes intrinsically high and adds to the burden of researchers who would likely prefer to be engaged in research rather than learn and practice data curation (Nature, 2011 and Grand et al. 2014 ). Yet, when research data has been collected through public funded research grants, it is expected that it will be made openly available.
This concept, whilst pioneered by not-for profit research foundations such as the Wellcome Trust (2003) and the National Institute of Health in the US for grants over $500,000 in 2003, has progressively pervaded the policies of almost all public research funders in the US. In the UK the Research Councils have policy regarding data-sharing for supported research and in the EU, the European Commission requires that funding bids are complete with a data management plan and the data have to comply with the standard adopted by the Commission Services. Within these frameworks it is not uncommon that a period of exclusive use of the research data is granted to the researcher(s) who have collected them for a limited period of time.
The OECD (2007) has issued principles and guidelines for the access to research data obtained through publicly funded initiatives. The guidelines specify that research data should be made available to the research community in a timely, user-friendly format, preferably from the Internet and at the lowest possible cost. Moreover, the guidelines suggest that authors of scientific publications should make the data used in their work available. This `suggestion' has been adopted by several journals (Pampel and Dallmeier-Tiessen, 2014) including those published by the highprofile publisher Nature, which requires that materials, data and protocols used in experiments should be made promptly available to the reader upon request, preferably in a downloadable file from an institutional repository (OECD, 2007; Whyte and Pryor, 2011) .
In theory, systems for the public access to research data collected in the course of publicly funded research are in place in most of the research active, Western countries; in practice, there are still many issues to be resolved. The costs of opening up research data comprise 1) Infrastructure and Administration, 2) Standardisation, 3) Human Resources and 4) Opportunity costs. These costs are not supported by grant agreements indefinitely and after the grant comes to an end, these are left with the researchers and their organisations (Wilhelm et al. 2014) . Even when a public data infrastructure is available, it is still unclear how it should be funded. Berman and Cerf (2013) raised a sensible point when looking at the 'quantity' of data collected by federally funded R&D projects and noted that the variety of initiatives for data infrastructure sponsored by the US Government and the various agencies stated that federal R&D agencies are unlikely to allocate enough resources to support all federally funded research data. The costs of infrastructure would absorb too great a proportion of a budget that must support both innovation and the infrastructure needed to drive innovation. (P. 616).
There is one more aspect of research data sharing that needs consideration. Undeniably, research organisations might have institutional repositories and the costs for infrastructure, managing and maintaining them might be factored into budgets on a rolling basis from government funds or grants however, following the logic proposed by Berman and Cerf (2013) , at one point the costs might become unsustainable. The involvement of the researchers in coding, documenting and curating the data that have been collected becomes strictly necessary prior to the integration in the repository. Yet, a reward system for research data work is non-existent. Two recent studies highlight very clearly the problem of sharing research data from the researchers' perspective. Haeussler et al. (2014) using a survey of over 1,000 bio-scientists based in Germany and in the UK found that researchers were more likely to share information if the gain derived from expected reciprocity outweighs the loss of competitive edge derived from sharing. Certainly, in research areas where competition is more fearsome, the incentive to share any information would be extremely low. Career stage also has an impact, an untenured researcher has very little incentive to share compared to a senior researcher. Andreoli-Versbach and Mueller-Langer (2014) analysed the data-sharing behaviour of some 500 empirical economists and management scholars, finding that their attitude to sharing data is often 'professed but seldom practised'. Interestingly they found that the likelihood that the researcher shares data increases predictably with 1) tenure, but also with 2) the standing of the researchers, 3) if data sharing is mandatory for the publications and, lastly, 4) if the scientists have a personal preference for open science.
A publication bias towards positive results has been evidenced since the 1960s. Smart (1964) highlighted that in psychological research there is a selection bias against the publication of negative results as only 9% of the papers in this discipline were reporting upon them. The reasons for this bias are attributable to the author selection -authors are less likely to decide to publish negative research results -and to greater editorial scrutiny. Fanelli (2012) highlights that, due to competition for research funding and citations, negative result publications are disappearing from most disciplines, even though they are particularly useful for the progress of science (Goetz, 2007; Hayes and Hunter, 2012; Foster and Putos, 2014) . Several initiatives have been implemented in order to counteract this publication bias. These range from positive approach journals to negative results publications 6 (Wilcox, 2014) to the creation of journals where only negative experimental results are sought for publication (Kundoor and Mueen; 2010 Research social networks, from platforms such as ResearchGate to Twitter, are not intensively used as platforms to share published ongoing work, ideas, opinions or experimental data, all activities that may foster open collaboration and build a dialogue with the general public; instead they are increasingly becoming a means for public visibility of scientists, especially for the benefit of research funders, and a platform where constructive scientific debate takes place (Rinaldi, 2014) . At one end of the spectrum activities addressed to the scientific community such as open lab notebook practices are employed by scientists to disseminate their findings as they are achieved. This practice is mainly used to claim priority on specific research endeavours and to stimulate the dialogue about the research undertaken. It has an interesting secondary effect of forcing a higher standard of recordkeeping given that it is open to other scientists to peruse. The risks, however, are that data and/or methodologies can be employed by competing researchers, if, further down the line, the research outcome becomes of commercial value, it will not be patentable (due to non-originality) and, for the same reason, some journals will not publish results that have previously appeared in the public domain (Sanderson, 2008) . On the other end of the spectrum, science blogs are a popular way to engage in science communication in a timely way and to relate to the public who otherwise would not have the skills to engage with traditional scientific publications (Wilkins, 2008) . Crowd source science entails the participation of citizens and/or professional scientists to an open research endeavour. Many crowd science experiments have become very successful over the last decade including Galaxy Zoo, Fold it and Polymath. Nielsen (2011) and Franzoni and Sauermann (2014) highlight the point that crowd science projects are directed to professional scientists to exploit economies of scale in the scientific production and to citizen scientists in order to extend research capabilities in the collection of data or in non-technical labour intensive activities. These authors have highlighted that such ventures are heterogeneous and present many organisational challenges; thus, they also identify crowd science, as a new means of organising science that allows for 'significant experimentation' and considerable scope in the types of problems that can be addressed (Franzoni and Sauermann, 2014, p7) .
In this chapter we focus our attention on the research professionals and the organisations within which they operate. Universities and research institute researchers in both the public and private sectors have a significant strategic role to play in the process of open science. The potential benefits of open science offered to researchers derive from the openness of the process and the opportunity to draw on a much wider and deeper range of expertise, including interdisciplinary expertise, than would otherwise be possible. Moreover, the public engagement of open science is likely to have wider impact and outreach as the research endeavour is open to scrutiny by the scientific community as well as by the public. This facilitates the research strategies of individual researchers, establishes an open system that mitigates misconduct and is an efficient use of resources across the science base.
Methodology: definitions and survey
The methodology used in carrying out the analysis presented below consists of an e-survey conducted by the project partners led by Inno AG and a stakeholder workshop held at the European Commission, in Brussels, on the 4th of November, 2013. The survey and the workshop were part of the deliverables for a briefing prepared for the European Commission entitled The Prospects of Science 2.0: policy implications. The age of respondents has been classed according to three main classes: over 50 (n=22); between 34 and 49 (n=48) and younger than 33 (n=37). The majority of the respondents are employed by a University (n=57); by a public research organisation or a public body (n=27); by a private research organisation (n=7); by a company (over 250 employees, n= 5; SME, n= 7) or were free lancers (n=7). The questions encompassing ranked responses have been assessed for consistency using Cronbach's-alpha.
The results of the survey were presented and discussed at the workshop. At the workshop other contextual issues were raised and highlights from the debate on the relationships between research performers and the organisations in which they work will be integrated in the discussion of the findings.
Findings
The descriptive statistics from the survey reveal that the respondents have a good understanding of Open Science and what this concept entails, although their expectations towards its revolutionary potential are rather cautious. In the next table, we summarise the responses. The only mean score above the median (2) relates to the statement that open science has the potential to level the playing field amongst researchers, especially in those areas of research where resources to produce new data or access a wider pool of knowledge are determinants in successfully completing research projects, namely, the Natural Sciences, Engineering and Technology and the Social Sciences to a lesser degree. Open science as a `leveller' of opportunities in conducting science is seen positively by Public Research Organisations compared to Universities and by SMEs compared to Large Enterprises.
Two further questions were included in order to establish whether, in the pursuit of the open science disclosing process early results are seen favourably by those involved in research. Two statements were presented: 
Notes: 4 points Likert's scale (1= disagree, 4=totally agree)
The respondents were somewhat neutral in respect of the need to keep the research process and initial results concealed (mean score = median). However, older research professionals were proportionately more in favour of keeping some process and initial results private than their younger counterparts (Spearman's correlation of 0.27 with p value < 0.05). Greater emphasis was given to the importance of peer-review as the only acceptable means to ascertain scientific rigour.
The following two blocks of questions investigate the use and impact of open science practices. The items considered are those practices commonly associated with open science and the respondents were invited to rate their use on a 1 -5 Likert Scale where 1 = 'never heard of it' and 5 = 'regular use' and the potential impact the items have on science according to the scores 1= 'no impact' to 5 = 'very high'. Chi-square test for each item scored for 'Use' and 'impact' shows evidence of a significant relationship (at the P<0.01 level). The respondents declared that the main open science practices used in the course of their research activities related to Open Access to Publication, Science Blogs, Research Social Networks and Open Data/Linked Open Data whilst the main impact on their research is given by Open Access to publication and Open/Linked data. Importantly, the mean scores for use and impact of 6 out of 10 items do not differ significantly accordingly to the t-stats test (p value > 0.5) indicating that their use somehow matches the impact these practices have on their research activities. Significant in this respect is the high mean score of Open Access publications and Open/Linked Data for both `use' and `impact' indicating that the respondents consider these two Open Science practices very highly in the advance of their research.
Conversely, the mean scores for use and impact of Research Social Networks, Open Reviews, Science Blogs and Crowd Sourcing are significantly different. Indicating that these open science practices are used more than their impacts justify their use. In other words, the hypothesis that we are here exploring is that an open science practice is used if its impact on own research justifies the effort of using it, i.e. if the mean scores of use and impact are not significantly different. These results indicate that Research Social Networks, Open Reviews, Science Blogs and Crowd Science are used for reasons other than the impacts these practices might have on own research activities. These results are rather general as there is no significant difference depending on whether the respondent is active in a particular field of research, a type of organisation or her/his age.
The next block of questions is directed at assessing the usefulness of open science outcomes to progressing research activities and the propensity of research professionals to opening up, in the spirit of open science, the outcomes of their research to the public. The 'Usefulness' of shared outcomes has been assessed on a 4 point scale where 0 is 'not useful' and 4 is 'very useful'. The variable 'Willingness to share' assumes the value 1 if the respondent is willing to share the outcome of his research and 0 is she/he is not. In the case the item is 'not applicable' a 'missing value' is registered. The descriptives above show that items such as Publications, Datasets, Source Code, Negative results and Bibliographies are considered useful by the respondents; their willingness to share is also very high ranging from 50% of the respondents willing to share Drafts and Incomplete papers to 98% of the respondents who would willingly share their Publications and Bibliographies.
Direct comparison between the two variables is not possible as 'Usefulness' of research outcomes is assessed through a 4 point scale whilst the propensity to make available the outcome to the general public is a dichotomous variable. To overcome this impasse we have calculated a further variable (U*S) which also takes into account those respondents who declared that the particular outcome was not relevant in their research activities. In this block of questions, the hypothesis we are testing here is whether there is a willingness to share a research outcome corresponding to its usefulness in conducting research activities or if the respondents find it useful for their own research process to consult or use material produced by other scientists but are less willing to share the intermediate outcomes of their research. Comparative analysis shows that Publications, Bibliographies and Figures, Presentation and other support material, are both useful in conducting research activities and are shared willingly by the respondents. This is unsurprising as those outcomes are increasingly part of the typical publication and dissemination process. These results only show the support of the respondents to open access to publications and dissemination.
T-tests evidence that drafts and incomplete papers, datasets and the other items highlighted in Table 7 are shared less willingly with other research professionals than they are considered useful for their own research.
Is the propensity to share different according to the various areas of research, the type of organisation the respondent works at or the age of the respondents?
`Useful therefore share' behaviours are particularly high in the Natural Sciences, Engineering and Technology and Social Sciences but only Publications, Datasets, Source code and Annotations and comments are statistically significant. There is no statistically significant difference in propensity to share between different types of organisations. The age of the respondent is slightly linked to the propensity to share research outcomes. In particular, respondents in the two age groups younger than 50 Years of Age share systematically and are more likely to share than respondents older than 50. In particular the relationship between age and willingness to share is particularly strong and statistically significant for Bibliographies, Draft and incomplete publications, Source code and Annotations and Comments.
In the scoping study we have identified 4 operational barriers to open science; these concern 1) the difficulty of assessing the quality and the impact of research results when they are disseminated in their draft forms or through means other than peer-reviewed publications; 2) the time consumed by research professionals in contributing to open science initiatives and 3) the difficulty encountered in engaging the public in scientific projects in terms of time/resources needed and technological platforms involved and finally 4) research professionals may lack the skills to set up, deploy and maintain open science tools necessary to contribute to open science platforms, data repositories and dissemination fora.
The responses are collected through a binomial variable where 'yes' = 1 and 'no' = 0. Assessing both quality and impact of the research results is the main operational barrier in the uptake of open science which was selected by 51% of the respondents whilst 34% of the respondents declared that the skills of researchers to using open science tools are a barrier. Thirty per cent of the respondents that they lack time to participate in open science practices.
Institutional barriers have been identified as 1) lack of funding to undertake open science initiatives and 2) inertia in the science system, which is still linked to the traditional organisation of science practices and hinders the uptake of open science by not providing incentives to research professionals to share publicly their research work.
Approximately half of the respondents agree that funding for open science is inadequate and that current funding practices, where only some of the open science practices can be written into proposals, might not be conducive to open science.
A very high and significant 60% of the respondents stated that the main institutional barrier to the uptake of open science is concerned with the inertia of the science system still steeped in Science 1.0 practices and not rewarding alternative modes of conducting or disseminating research.
The inertia of the science system element is particularly important and has been investigated further by looking at the attitudes towards open science of the research community in which the research professionals operate. In particular, the work environment of the respondents is at best neutral in respect of the involvement of research professionals in open science (in 37% of the cases) whereas in almost 20% of the cases, respondents stated that their peers or superiors would not appreciate their engagement in open science initiatives.
We have also investigated how barriers relate to the characteristics of the respondents (Field of Science, Type of Organisation, Country and Age of the respondent). Chi Square tests were carried out for this purpose. Fields of Science, Type of Organisations and Country of the respondent did not evidence any particular link with barriers however, Chi Square tests between Age and Barriers flagged a few significant connections. For the reason that age of the respondent might be taken as a proxy for career advancement, further investigation was conducted in order to ascertain the nature of this possible connection. Spearman's Rho correlations were calculated between the various barriers and the age of the respondent. The correlations show that operational barriers increase with the age of the respondent whilst institutional barriers, especially funding for open science activities, decrease with the age of the respondent.
Amongst the operational barriers, it is significant (p-value < 0.01) the correlation between `assessing the quality and the impact of the research results' and age.
Concluding, thus far we have seen that open access to publication, dissemination activities and, importantly, access to open data are the key elements of open science both in terms of usage and of impact on the research activities. Other open science practices and research outcomes are also used widely by research professionals, although their impact on the advancement of science is not considered as determinant as other practices and outcomes. Moreover, researchers and research professionals reported that they found it useful to access the work of other researchers and research professionals, which has been made available openly but are often reluctant to share the outcomes of their own research openly for others to use. The uptake of open science practices or the diffusion of some research outcome openly varies also according to the field of science the research professionals are working in, the type of organisation they work at and their age/career status. Nonetheless, barriers to a wider diffusion of open science, both operational and institutional, affect the diffusion of open science. In particular the inertia of the research system to embrace open science practices is seen as a hindrance by the largest majority of the research professionals that have responded to our questionnaire.
Discussion and conclusions
This research presented highlights the great complexity of the science system and the relations amongst the components of such a system, especially during the current period of transformation in the process of the practice of science. A degree of this complexity is due to the relationships between research professionals and the research organisations within which they work. Several factors are at play, some are related to the attitudes and preferences of the research professionals and some are institutional.
From the literature review and the workshop we found that in many circumstances research professionals and their employers have aligned interests in open science, especially when it concerns the final outcome: publications. However, open science has demonstrated it has much more to offer to researcher professionals, from project conception to pooling of data archives, public engagement, alternative funding methods (crowd funding) and dissemination of research findings. The range of opportunities for outreaching and collaboration activities is virtually limited only by the imagination of the researchers. Yet these opportunities are often weighted against the benefits involved in following traditional practices. This usually means maintaining research progress as confidential until a claim to priority of discovery over the research findings can be made. Our analysis suggests this behaviour is customary in almost all organisations and is a consequence of the rewards system in place which is a contract between the research professional and her/his employer that does not reward full disclosure of the scientific process.
The incentive system in place is shown to be firmly linked to the traditional process of knowledge creation and dissemination based on peer-reviewed publications in high-ranking journals. In the words of Nielsen: [this] is perhaps the most open system for the transmission of knowledge that could be built with seventeenth-century media (Nielsen, 2011, p 183) . With such a precise definition of the objectives in place, the remit of the researcher is constrained between their organisation's `visions' and `mission statements' which encourage collaborations and openness 7 and the incentive to exert caution in disclosing research findings until these are certified by a certain type of publication. Perhaps for this reason, the respondents' opinions of the open science movement are much more timid that we expected albeit there are marginally greater expectations that open science can act as an 'opportunity leveller' between poorly resourced research organisations (public and private) and their more richly endowed counterparts. The cautious approach to open science is also supported by the views of the respondents that highquality peer-reviewed publications should be sought as a primary aim of the scientist and in order to achieve this goal, a certain degree of confidentiality at the initial phase of the research process is necessary. In particular, the avenue of publication -high-quality peer-reviewed journals -when seen together with the operational barriers, reinforces a narrative that privileges traditional publications as a guarantee of scientific legitimacy.
Nonetheless, open science practices are used by respondents and such use is matched by the impact that these might have in driving further the quest for new knowledge creation and dissemination. This aspect has been acknowledged by all respondents but the analysis of the correspondence between the use of some aspects of open science and the impact these have on research leads us to think that the interests of research professionals in some open science practices such as blogs, research social networks, reviews or crowd-sourced initiatives might be motivated by reasons other than impact. These might be in the realm of professional curiosity or sense of belonging to the science community.
We also investigated the usefulness of some of the common outcomes of the scientific process involving most of the steps of knowledge creation and dissemination and the propensity of the respondents to share these outcomes publicly (see tables 6 and 7 -Usefulness and Sharing). In this case we found that the outcomes leading directly to the process of publication and of dissemination of research findings mirrors the process in the traditional idea of science where publications, bibliographies, figures, presentations and support material are considered very useful and the willingness to share of the respondents is also correspondingly high. Conversely, research outcomes that might either affect the research professional's reputation, their claim to priority or that might jeopardise further exploitation of their research effort, are considered very useful but are shared less willingly. The first examples encompass drafts and incomplete publications and negative results whilst the last includes datasets, research logs and annotations and comments. We have highlighted some difference in the sharing behaviours present in the various disciplines: in the natural sciences, engineering and technology and the social sciences, respondents were keener to share than professionals in the medical and health sciences and agriculture 8 . Some differences in the propensity to share research outcomes are also significant between groups of respondents, for example, respondents older than 50 although considering publicly available research findings useful for their own research activities do share consistently less often than younger researchers. This factor can possibly be explained either by the constraints on the time available to share own resources or by the lack of the necessary skills to use newer networking tools 9 . Certainly, access to funding does not constitute an explanation for the poor sharing behaviour of senior academics and research professionals because from the analysis of barriers, we found that funding constraints decrease with seniority.
As mentioned earlier we also explored barriers to the uptake of open science. Operational barriers, the barriers hindering the practical application of open science initiatives have some effect on the uptake of open science but these are limited in terms of scope and extent. The most significant barrier concerns the assessment of the quality and the impact of research results when these are not published in the traditional form. The narrative emerging from the study of operation barriers is that the burden of 'assessing the quality and the impact of research output` is somehow outsourced (or surrendered) to traditional peer-review journals. The reason for this may either be that researchers have little time to dedicate to the verification of the scientific claims made in open science outcomes or that they are not familiar with the tools of open science. It is also noteworthy that this attitude toward open science increases with the age (and career progression) of researchers. In other words, older respondents, either because they lack the time to verify the claims presented in perceived lesser journals or the skills to trawl through open science outcomes, rely on high-quality journals (either open access or traditional subscription journals) for their rigorous process of peer review -either real or perceived -as a guarantee against misconduct and scientific fraud.
Institutional barriers, those linked to the governing of the research process within universities and other research organisations play a determinant role in the uptake of open science. These types of barriers operate at the organisation-researcher level and are caused by the misalignment of interests between the parties affecting the system of incentives, especially when it comes to promotion and career advancement of academic and research professionals.
Our findings are in line with the emerging literature on open science and have indeed brought to the fore the point that scientific effort is organised in a system of interconnected stakeholders whose practices are definitely changing. Contextually, we can see that although the effort to adopt open science practices by researchers and by research organisations is driven more by enthusiasm than a strategic approach to opening up of the scientific process, the relationships between universities and other research organisations and their academic and research professional employees is still governed by the policies of traditional science. Research organisations are still extremely slow in integrating open science within their routines except for those open science practices which are 1) in line with the traditional science policies which are currently in force within the institution and 2) there is a funding line for their implementation.
Limitations of the study and final remarks
We wish to remind the reader that this study is exploratory, as the sample, though drawing from a community of research professionals with some knowledge of open science both as users and contributors, is limited in terms of number of respondents and concentrates uniquely on the relationships between use/impact, drivers and barriers to open science. Moreover, the sample is geographically skewed in favour of European respondents hence, although it does not emerge from the analysis, it may reproduce a Europe-centric view of open science with marginal inputs from other parts of the world.
Nonetheless, this exploration has demonstrated valuable insights into particular aspects of the relationships between research professionals and research organisations and has identified promising perceptions for a roadmap for further research.
With regard to this last observation, empirical and conceptual research on the theme of open science is therefore encouraged. Fruitful lines of research will necessarily involve a deeper understanding of the scientific process and its evolution by means of the introduction and diffusion of more web-rich technologies in carrying out research. This, as highlighted in the present study, alters the balance of interests between the parties. This paper took into consideration only the relationship between research professionals and research performing organisations uncovering that research professionals freely engage in open science practices even if the participation cost outweighs the return on their work in terms of career progression. The study has also shown that the usefulness of openly shared, scientific outcomes is considered positively yet, research professionals have little or no incentives to publicly share the results of their unpublished research.
The reasons for this behaviour can be explained by the operational barriers to open science. More importantly, such behaviour seems to be informed predominantly by institutional inertia and in particular by the organisations that are failing to recognise the contribution of research professionals to the creation and diffusion of knowledge, when this is provided in modes other than the research papers published in highly rated peer-reviewed journals.
Issues relating to funding of open science initiatives have also been found to be a determinant barrier to the uptake of open science. Consequently, as modes of public funding for scientific research are changing in order to accommodate new open science practices there is an identified need for further investigation of resourcing. This point is particularly important as open science has great potential in the advancement of knowledge and its wider and faster dissemination, whilst constraints on public budgets and debates on the orientation of the scientific effort towards societal challenges are at the centre of the policy makers' agendas.
opinions herein expressed are not necessarily those of the sponsor or the participants, the authors are solely responsible for the content of the paper and usual caveats apply.
1 This essay does not enter into the debate on the terminology: Science 2.0, Open Science, eScience or New Science. In the study, we opted for Open Science as Science 2.0 is linked to the Information and Communication Technological Platform upon which the new scientific process is being increasingly undertaken, the Web 2.0. Yet, the Web 2.0 is increasingly morphing into `the Internet of Things' whereby semantic technologies are systematically introduced and used in rich-web contents, consequently the next wave of Web 3.0 is seamlessly taking shape. 2 Influential work on the nature of science, the scientific revolution and the instituted rules of science are : Ziman, (1968) ; Kuhn (1962); Cournand (1977) amongst others. 3 The tension between openness and secrecy is rather more complex than we stated above (David, 2004 p.577 and 578) . It sees juxtaposed the interests of the public in supporting open science for its objectives are the maximisation of the rate of growth of the stock of knowledge versus the private interests to secrecy, in view of the exclusive acquisition and the application of knowledge for the appropriation of the rent or personal gain. The resulting system of science, organised accordingly to the principles of open science is therefore the result of a long evolutionary process that entailed institutional change amidst the resolution of the agency problems between research performers and funding agencies rather than a "solution-by-design" implemented for the goodness of science. 4 See http://doaj.org/ for the Directory of Open Access Journals (DOAJ). 5 This, coupled with the observation that the price per subscription of scholarly publications rose at a rate much above the Consumer Price Index (CPI), constituted the precondition for the demise of the traditional scholarly publishing industry in the mind of many practitioners. Panitch and Michalak (2005) estimated that members of the Association of Research Libraries in 2004 were paying 215% more per each subscription than they were paying in 1986 against a CPI increase of only 68% during the same period. Considering also that the number of subscriptions also increased the greater outlay for research libraries had become highly onerous. Van Noorden (2013) provides an interesting update on revenues and costs of publications. 6 The Journal of Young Pharmacists describes itself as the first open access source for research concerning negative results. Journal of Negative Results in BioMedicine is an open access, peer-reviewed, online journal that provides a platform for the publication and discussion of unexpected, controversial, provocative and/or negative results in the context of current tenets. 7 Some responders have highlighted that there is a generalised enthusiasm within their organisation and amongst their peers even though there is little understanding of what opening the scientific process entails. The discussion held at the workshop informed that usually open science initiatives within the organisations are taken only in accordance with contractual terms: if the grant or funding contract allows or demands that publications are placed in open access repositories (either golden or green) and/or if the grant agreement involves also the curation and the publication of data. Moreover, open science practices are encouraged within the limit that they do not affect the organisation's interests. Other than this, open science is practised at the expenses/advantages of the research professionals in their personal capacity. 8 The level of aggregation used in exploring this factor is the 1 digit of the Field of Science (FOS, 2007) classification. It is however legitimate to expect that significant variation might be present within sub-field of science. This level of granularity could not be investigated given the nature of our sample. 9 Age can be seen as a proxy for career advancement, in this case it is consistent to think that career academics and research professional might have time constraints, moreover, the literature agrees that baby boomers -those born before 1964 -find relatively more cumbersome the use of Web 2.0 technologies compared to people of the "X-generation" -those born between 1965 and 1980 -the digital natives -those born after 1980.
